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DSL TRANSMIT TRAFFIC SHAPER 
STRUCTURE AND PROCEDURE 

TECHNICAL FIELD 

This relates to networking, and more particularly to tra?ic 
management and controlling packet rates for transmission 
over many connections from a packet source or packet 
forwarding device. 

BACKGROUND 

Digital Subscriber Link (DSL) service is a network com 
munication protocol. DSL supports ?xed bit rates at which 
packets may be sent over a network. In one common 
con?guration, a customer contracts to receive DSL service 
from a service provider. On the service provider side, a DSL 
port connects to a DSL Access Multiplexer (DSLAM), 
which connects to a router. On the customer side, another 
DSL port interfaces to a modem that connects to customer 
premises equipment (CPE). An ATM network connects the 
service provider-side router and the CPE. Many ports may 
be aggregated in the network system and connected to the 
router with a single physical port interface. 

For each port there may be many virtual connections. 
These represent stateful communication setups such as an 
ATM virtual circuit or Internet TCP connection. At each end 
of the virtual connection is a software application that can 
send and receive messages. The messages are carried across 
the network as packets or frames subdivided into 48-byte 
ATM cells. The interface in and out of the forwarding device 
is either 48-byte ATM cells or 64-byte frame segments. Each 
virtual connection has a quality of service or rate speci?ca 
tion. The ATM Forum Tra?ic Management Speci?cation 
version 4.1, AF-TM-0121.000, published March, 1999, 
speci?es types of rates, including constant bit rate (CBR), 
variable bit rate (V BR), and unspeci?ed bit rate (UBR). 
Variable bit rates can be contracted with a minimum cell rate 
(MCR), a sustained cell rate (SCR), a peak cell rate (PCR), 
or a combination of these. Additionally, some VBR virtual 
connections can be designated real-time (abbreviated as 
“rt-VBR”), which, among other things, can affect the virtual 
connections’ tolerance of errors or delays in the communi 
cation channel. In particular, the tolerance of delay may 
affect how (or for how long) data for a real-time VBR virtual 
connection should be queued. Non-real time VBR is abbre 
viated “nrt-VBR”. A UBR virtual connection can have a 
priority categoriZation relative to other UBR tra?ic. Ports 
can have peak data rates, describing the maximum rates at 
which they are capable of transmitting, typically in bits per 
second. Maximum burst siZe (MBS) is a parameter speci?c 
to a given network protocol and a given implementation. 
MBS describes the maximum number of cells that may be 
transmitted continuously from a port over a network link. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram of functional units in a 
router/tra?ic shaper. 

FIG. 2 is a block diagram of physical elements in a 
router/tra?ic shaper. 

FIG. 3 shows the movement of a tra?ic cell in a router/ 
tra?ic shaper. 

FIG. 4 is a block diagram of a virtual connection table. 
FIG. 5 illustrates a major ring and minor rings. 
FIG. 6 is a block diagram of major and minor ring data 

structures. 
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2 
FIG. 7 is a ?owchart of a major node stepping process. 
FIG. 8 is a ?owchart of a queue selection process. 
FIG. 9 is a block diagram of ring leader data structures 

and processes. 
FIG. 10 illustrates a schedule ring and port rings. 
FIG. 11 is a block diagram of service grades. 
FIG. 12 is a block diagram of schedule and port ring data 

structures. 

FIG. 13 is a ?owchart of a shaping process. 
FIG. 14 is a ?owchart of a schedule ring stepping process. 
FIG. 15 is a ?owchart of a port ring stepping process. 

DETAILED DESCRIPTION 

The details of one or more embodiments are set forth in 
the accompanying drawings and the description below. 
Other features, objects, and advantages will be apparent 
from the description and drawings, and from the claims. 

Referring to FIG. 1, a networked system 10 includes a 
router/tra?ic shaper 12 connected to a network 14. Router/ 
tra?ic shaper 12 uses a procedure and structures to transmit 
cells or segments to the satisfaction of virtual connection 
rates and virtual port rates. The structures include a major 
ring and a minor ring denoted in FIG. 1 as rings 20 and 22, 
respectively, in rings 18. Network 14 supports DSL network 
tra?ic. Router/tra?ic shaper 12 includes multiple processors 
16. Ring leader processor 1611 sets up major rings 20 and 
minor rings 22 as data structures that govern transmit timing 
of tra?ic departing router/tra?ic shaper 12 via network 
interface 24. 
Nodes of major ring 20 represent time slots on a transmit 

processor 160 organized in a sequence. The time slots are 
approximately equal in siZe, as measured in processor cycles 
of transmit processor 160. Collectively, the nodes of major 
ring 20 represent a sequence of time slots in a transmission 
cycle of router/tra?ic shaper 12. Major ring 20 apportions 
these times slots to virtual ports 2611411 by associating major 
nodes with minor rings 22, since each minor ring 22 is 
uniquely associated with a virtual port 26. Each minor ring 
22 has its own sequence of minor nodes, each of which can 
be associated with a scheduled virtual connection 28. Each 
minor ring 22 also manages all unscheduled virtual connec 
tions 28 associated with the relevant virtual port 26. Con 
ceptually, therefore, a major ring 20 is a schedule of service 
to virtual ports 26, while a minor ring 22 is a schedule of 
service to virtual connections 28 within a given virtual port 
26. Overall, major ring 20 and multiple minor rings 22 
encode a schedule of service to virtual connections 28 
belonging to multiple virtual ports 26 on router/tra?ic shaper 
12. 

Service rates for virtual connections 28 can be guaranteed 
by the encoding of major ring 20 and minor rings 22. Service 
to a virtual connection 28 is scheduled by allocating nodes 
of major ring 20 and minor ring 22. Speci?cally, virtual 
connection 28 is scheduled into virtual port 26 via a node of 
minor ring 22, and minor ring 22 is scheduled into major 
ring 20. Su?icient major nodes are allocated, with su?i 
ciently regular spacing within major ring 20, to ensure that 
the service rate for virtual connection 28 is satis?ed in terms 
of throughput and regularity. 
A given minor ring 22 can be associated with more than 

one major node. Indeed, each major node with which minor 
ring 22 is associated increases the number of time slots 
allocated to minor ring 22, and therefore to its associated 
virtual port 26. Therefore, increasing the number of time 
slots allocated to minor ring 22 increases the rate at which 
data is transmitted to the associated virtual port 26. 
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Traf?c includes packet cells 36a or segments 36b appro 
priate to a network protocol of network 14: commonly, 48 
byte ATM cells or 64 byte frame segments. For simplicity, 
packet cells or segments 36 Will be referred to as simply 
“cells” 36. 

Multiple major rings 20 can co-exist. Virtual ports 26 
partition virtual connections 28. Major rings 20 partition 
virtual ports 26. 

Router/Traf?c Shaper 
Referring to FIG. 2, router/traf?c shaper 12 includes one 

or more processors 16. Processors 16 run threads that 

perform functions of ring leader processor 16a, receive 
processor 16b, and transmit processor 160. Processor 16 can 
run more than one thread. Ring leader processor 1611 runs a 
thread that manages major rings 20 and minor rings 22 
stored in main memory 40. Receive processor 16b runs a 
thread that receives cells 36 from the netWork 14. Transmit 
processor 160 runs a thread that transmits cells 36 back onto 
the netWork 14. 

NetWork interface 24 contains physical ports 24a to Which 
transmission media are attached, carrying communication 
betWeen netWork interface 24 and netWork 14. Bus 42 
interconnects processors 16, main memory 40, and netWork 
interface 24. 

Virtual ports 26 can be any ports in netWork 14, Whether 
remote or local to netWork interface 24. For instance, 
referring to FIG. 1, virtual ports 26ain are ports on netWork 
interface 24, While ports 26xiz are ports on a netWork device 
13. 

Referring to FIG. 1, router/tra?ic shaper 12 transmits to 
one or more virtual connections 28, such as virtual connec 

tions 28aid. In the example illustrated in FIG. 1, virtual 
connections 28aic are virtual circuits connecting to cus 
tomer premises equipment 34, While virtual connection 28d 
is an Internet TCP connection. 

Processors 
Referring to FIG. 3, receive processors 16b receive cells 

36 from netWork 14. Each cell 36 is associated With virtual 
connection 28 in virtual port 26. In the example of FIG. 3, 
virtual port 26 is associated With physical port 24a in 
netWork interface 24. HoWever, in general, virtual port 26 
may conceptually represent a physical port not in netWork 
interface 24 of the local router/traf?c shaper 12, but on a 
remote device. In this case, virtual port 26 is associated With 
physical port 24a in netWork interface 24 to the degree that 
traf?c passes through physical port 2411 en route to the 
remote port represented by virtual port 26. 

Incoming cells 36 arrive in receive buffer 44 in main 
memory 40. Receive processors 16b validate cells 36 from 
receive buffer 44 and stage them in port queue 46 in main 
memory 40, pending transmission by transmit processor 
160. Receive processors 16b also perform lookups such as 
routing table lookups and associating incoming cell 36 With 
a destination virtual connection 28, Which is the particular 
virtual connection 28 on Which cell 36 Will be transmitted. 
Destination virtual connection 28 is associated With a des 
tination virtual port 26. Each virtual port 26 has an affiliated 
port queue 46. 

Receive processors 16b also perform classi?cations such 
as determining a data rate associated With the destination 
virtual connection 28. 

Transmit processors 16c dequeue cells 36 from port queue 
46. A transmit processor 160 performs a tra?ic shaping 
process 66 (shoWn in FIG. 6) to transmit cells 36 at speci?ed 
bit rates appropriate to their destination virtual connections 
28, as Will be explained. 
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4 
An example of a commercial available processor 16 is the 

IXP1200 NetWork Processor, Which includes several, for 
example six, microengines. Each microengine executes 
machine-readable instructions and supports up to four simul 
taneous threads. The IXP1200 is manufactured by Intel 
Corporation. 
Virtual Circuits and Virtual Ports 

Referring to FIG. 4, a virtual connection 28 represents a 
stateful communication setup, such as anATM virtual circuit 
or Internet TCP connection. VC table 50 is a table of virtual 
connections 28. VC table 50 includes VC entries 52. A VC 
entry 52 contains information for a given virtual connection 
28, including VC index 52a, type 52b, MBS 52c, rate 52d, 
PCR 52e, port 52], current burst count 52g, current rate 52h, 
and queue reference 521'. Virtual connection 28 has a quality 
of service or rate speci?cation, or rate 52d. Virtual connec 
tion 28 also has VC index 5211, Which gives the position of 
virtual connection 28 in VC table 50. Type 52b speci?es a 
type of service rate for virtual connection 28, such as CBR, 
VBR, or UBR. Port 52f speci?es a virtual port 26 Which 
virtual connection 28 uses. Current burst count 52g and 
current rate 52h are dynamic properties of virtual connection 
28 that are determined by the transmission of data onto 
virtual connection 28. Transmit processors 16c maintain the 
values of current burst count 52g and current rate 52h. 
Current burst count 52g and current rate 52h can be used to 
determined Whether the current state of virtual connection 
28 is Within de?ned traf?c parameters, for instance MBS 52c 
and rate 52d, respectively. Queue reference 521' gives an 
offset into VC bit vector 54 for virtual connection 28. 

Virtual ports 26 have speci?ed data rates that can be 
measured and constrained. The actual rate of service to 
virtual port 26 in the present embodiment is a function of the 
number of time slots allocated to it: more time slots yield a 
higher rate. Other factors affecting rate include the siZe of 
the time slot (in processor cycles, i.e., step rate 70b of major 
ring 20, shoWn in FIG. 6) and the amount of data transmit 
processor 160 can transmit in a cycle. One constraint con 
sideration When con?guring virtual port 26 is the rates of 
virtual connections 28 allocated to virtual port 26. Alloca 
tion is limited such that the sum of the minimum service 
rates for virtual connections 28 does not exceed the desired 
rate of virtual port 26. This ensures that all virtual connec 
tions 28 on virtual port 26 can be serviced to their minimum 
rates. 

All virtual port 26 rates associated With major ring 20 are 
multiples of step rate 70b of major ring 20. 
VC bit vector 54 contains bits corresponding to VC 

connection queues 56 and VC queue heads 5611, as Will be 
explained. Each VC connection queue 56 has a VC queue 
head 5611 that anchors the queue and persists even When the 
queue is empty. 

Rings 
Referring noW to FIG. 5, a major ring 20 is affiliated With 

multiple minor rings 22. There can be multiple major rings 
20, each governing transmission to a subset of the total 
virtual ports 26. For example, if there are tWo thousand 
forty-eight (2048, or 211) virtual ports 26, eight major rings 
20 could each be con?gured to represent tWo hundred 
?fty-six virtual ports 26. 

Major ring 20 and minor ring 22 are shoWn in FIG. 5 as 
circular structures to indicate their conceptual ring structure, 
i.e., iterations begun at the head of each ring Will typically 
proceed to the end and then Wrap around to the head again 
When the previous iteration is complete. Major ring 20 and 
minor ring 22 are each stored in memory 40 as an array. 
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Major ring 20 has a base 58 at Which ring 20 begins in 
memory 40. Similarly, minor rings 22a and 22b have bases 
59a and 59b, respectively. 

Major ring 20 includes a sequence of major nodes 60. 
Minor ring 22 includes a sequence of minor nodes 62. 

Major Rings 
Major ring 20 is a data structure representing time slots 

scheduled on transmit processor 160. Major ring 20 includes 
a sequence of major nodes 60. The sequence indicates the 
scheduled order of the transmission opportunities for minor 
rings 22. Traf?c shaping process 66, as Will be explained in 
more detail, cycles over the sequence of nodes 60 repeatedly 
to select virtual port 26, and more speci?cally virtual con 
nection 28 Within virtual port 26, to receive cells 36 for 
transmission. Thus, nodes 60 in major ring 20 encode a 
schedule of transmissions to virtual ports 26 and virtual 
connections 28. 
Node 60 in major ring 20 represents a time slot in Which 

traf?c can be transmitted. Step rate 70b, as shoWn in FIG. 6 
in the ring control block 70, also knoWn as a base rate, 
measures the duration of a time slot of maj or ring 20 in terms 
of processor cycles. Step rate 70b speci?es the interval, in 
terms of processor cycles, that should occur betWeen trans 
missions. When vir‘tual port 26 has a transmission rate 
approximately equal to step rate 70b, associated minor ring 
22 is entered once in major ring 20. (That is, in this case 
associated minor ring 22 corresponds to a single node 60.) 
When virtual port 26 has a rate tWice step rate 70b, virtual 
port 26 is entered in tWo nodes 60, and so forth. All virtual 
port 26 rates associated With a given major ring 20 are 
approximately multiples of step rate 70b. 

There is a bene?t to spacing the nodes 60 that reference 
a minor ring 22 such that the nodes 60 are Widespread 
throughout major ring 20. If references to a given minor ring 
22 are not Widespread but are bunched, then a region tightly 
enclosing the bunched references represents a period of time 
in Which the minor ring 22 has a disproportionate amount of 
its opportunity for service, While the rest of major ring 20 
has a disproportionately small amount of such opportunity. 
If it should happen that the virtual port 26 associated With 
the minor ring 22 is blocked during that period of service, 
then the reduced opportunity for service means that virtual 
port 26 has feWer chances later to recover from a temporary 
blockage Within the current cycle of major ring 20. 
Node 60 can be Without reference to any minor ring 22; 

in this case it is called a “skip node”. Adding gaps to a 
transmission schedule is also knoWn as “port conserving”. 

Referring to FIG. 6, major ring 20 has ring control block 
70. Ring control block 70 is a data structure that includes 
base address 7011, step rate 70b, and adjustment 700. Base 
address 7011 is the address in main memory 40 at Which the 
data structure for major ring 20 begins. Adjustment 700 
contains a number of processor cycles to Wait before begin 
ning a next iteration of major ring 20. Adjustment 70c 
therefore alloWs the period of the cyclic iteration of major 
ring 20 to be adjusted, so that the period need not depend 
entirely on the number of nodes 60 in major ring 20. 

The speed of major ring 20 is the amount of data it can 
transmit per unit timeiusually, bits per second. Speed 
depends on siZe (in nodes) of major ring 20, step rate 70b, 
adjustment 70c, and the number of bits that transmit pro 
cessor 160 can transmit per processor cycle. 

Creating different major rings 20 having different step 
rates 70b alloWs virtual connections 28 to be managed at 
various transmit granularities. A loW-speed virtual connec 

20 

25 

30 

35 

40 

45 

55 

60 

65 

6 
tion 28 in general does not need as many, or as frequent, time 
slot opportunities as a higher-speed virtual connection 28. 

Major Nodes 
Referring still to FIG. 6, data structures in memory 40 

include a ring control block 70, a major node ring 20, and a 
minor ring 22. Traf?c shaping process 66 is a method 
encoded in computer-executable instructions. Traf?c shap 
ing process 66 manages transmission of traf?c onto virtual 
connections 28, using the major node stepping process 72 in 
collaboration With a queue selection process 74. The major 
node stepping process 72 repeatedly cycles over major 
nodes 60 in major ring 20. The stepping process 72 examines 
major nodes 60 to select minor rings 22, along With par 
ticular locations Within minor ring 22 given by major nodes 
60, for consideration by the queue selection process 74. The 
queue selection process 74 allocates a transmission oppor 
tunity to a particular virtual connection 28 on virtual port 26, 
based on service rates. The queue selection process 74 
prioritizes virtual connections 28 that have minimum rate 
requirements above virtual connections 28 that have 
unspeci?ed rate requirements. 
A major node 60 includes ?elds for skip ?ag 6011, end ?ag 

60b, v-port 60c, cycle delay 60d, minor node index 60e, and 
modify 60]. 

Skip ?ag 60a is one binary bit. When node 60 is associ 
ated With minor ring 22 (as is the case for the ?rst, third, and 
fourth nodes 60 shoWn), skip ?ag 60a is set to Zero and node 
60 has ?elds for v-port 60c and minor node index 60e. 

V-port 60c speci?es virtual port 26 associated With node 
60. Speci?cally, v-port index 82a is an index of port table 82. 
Port table 82 contains entries 84 for each virtual port 26. The 
value of a given v-port 60c corresponds to the value of 
v-port index 84a for some entry 84 in port table 82. 

Entry 84 provides corresponding port queue vector 76 and 
minor base 59. Speci?cally, minor base 59 contains the 
address of minor ring 22 Within main memory 40. Port 
queue pointer 84b provides an offset into port queues 46 that 
speci?es the particular entry of port queue vector 76 to use. 
Minor node index 60e gives the position of a speci?c 

minor node 62 Within minor ring 22. In combination With 
v-port 60c, minor node index 60e alloWs major node 60 to 
reference both a speci?c minor ring 22 and a speci?c 
location (node 62) Within minor ring 22. Tra?ic shaping 
process 66 can update minor node index 60e. For example, 
tra?ic shaping process 66 can increment minor node index 
60e to refer to a next minor node 60 after a transmission 
involving a ?rst minor node 60. 

When node 60 is not associated With any minor ring 22 (as 
With the second node 60 shoWn, for example), skip ?ag 60a 
is set to one, and node 60 has cycle delay 60d. Cycle delay 
60d ?lls unused cycles in the event major ring 20 is not fully 
populated. Cycle delay 60d causes the transmit thread to 
delay a number of cycles equal to step rate 70b major ring 
20 before proceeding to the next major node 60. 
End ?ag 60b is one binary bit. The last node 60 in major 

ring 20 has end ?ag 60b set to one, indicating the transmit 
thread should Wrap and start at the beginning of major ring 
20. If end ?ag 60b equals one and modify 60f equals one, the 
transmit thread folloWs major ring reload process 98g, 
shoWn in FIG. 9, as Will be explained. Ultimately, the 
transmit thread rereads ring control block 70 and examines 
major ring 20 given by base address 7011. In this manner, 
major ring 20 can be updated With little overhead to the 
transmit thread, by directing base address 7011 to an updated 
version of major ring 20 and setting modify 60f to one. 
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Minor Rings 
Still referring to FIG. 6, minor ring 22 contains data 

structures describing virtual port 26. Minor ring 22 contains 
a sequence, stored in memory 40 as a ring array, of nodes 62 
representing time slots for transmission opportunities. The 
sequence indicates the scheduled order of the transmission 
opportunities for virtual connections 28 associated With 
virtual port 26. The sequence can be iterated over repeatedly. 
Node 62 of minor ring 22 is associated With a virtual 
connection 28 scheduled for transmission, if possible, at the 
time that node 62 is processed by the transmit thread. Other 
virtual connections 28 are available for transmission if the 
scheduled virtual connection 28 is unavailable or has no data 
aWaiting transmission. Thus, broadly speaking the data 
structures of minor ring 22 encode a schedule that prioritiZes 
virtual connections 28 on virtual port 26 and alloWs other, 
less-prioritized virtual connections 28 to be selected on a 
stand-by basis. 
Nodes 62 of minor ring 22 contain minor siZe 78 and 

scheduled VC 80. Minor siZe 78 is the siZe of minor ring 22. 
Scheduled VC 80 contains a value indicating the VC index 
52a of the virtual connection 28 associated With node 62. 
Typically, this virtual connection 28 has a rate 52d that 
requires it to be serviced at least at a predetermined rate, i.e., 
a minimum. Virtual connection 28 is scheduled into virtual 
port 26, and virtual port 26 is scheduled into major ring 20, 
With suf?cient frequency (i.e., suf?cient major nodes refer 
encing minor ring 22 associated With virtual port 26, With 
su?icient spacing Within major ring 20) to ensure that the 
corresponding rate 52d is satis?ed. 

Minor siZe 78 is stored redundantly on every node 62. 
Minor siZe 78 and scheduled VC 80 together ?t in thirty-tWo 
(32) bits, making only one memory read necessary by the 
processor. 

Minor ring 22 also includes minor ring rate 86, a data 
structure for storing the effective current rate of the virtual 
port 26 corresponding to the minor ring 22. Tra?ic shaping 
process 66 tests minor ring rate 86 to keep the performance 
of virtual port 26 Within its prescribed v-port speed 97d 
(shoWn in FIG. 9). 

Port queue vector 76 is a bit vector Where each bit position 
corresponds to port queue 46 in a collection of port queues 
46. The collection of port queues 46 has up to sixteen 
members, each of a different priority. Port queue 46 contains 
linked lists Where each node is associated With virtual 
connection 28 by a value indicating VC index 52a of virtual 
connection 28. Virtual connections 28 referenced by port 
queues 46 have unspeci?ed bit rates for their rate 52d; they 
are not guaranteed to transmit. If a given virtual connection 
28 requires a guaranteed minimum bit rate, it is scheduled 
via scheduled VC 80 ?eld of some minor node 62. 

A bit position in port queue vector 76 is an emptiness 
indicator for a corresponding port queue 46. If a bit position 
in port queue vector 76 has a value of one, the corresponding 
port queue 46 has data aWaiting transmission. OtherWise, 
port queue 46 is empty. When queuing packets for virtual 
connection 28, receive processors 16b set the corresponding 
bit in port queue vector 76 to one. When a transmit thread 
empties port queue 46, transmit thread sets the correspond 
ing bit to Zero. 

Also shoWn in FIG. 6 is a table of VC connection queues 
56. These also are linked list queues, each associated With 
some virtual connection 28. Given VC index 52a, the 
transmit thread can go to the associated VC connection 
queue 56 to get packet descriptor information for the packet 
at the head of the queue. 
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Referring noW to FIG. 7, major node stepping process 72 

steps sequentially through major nodes 60. Major node 
stepping process 72 reads major node 60 (procedure 7211). If 
skip ?ag 60a of node 60 has a value equal to one, major node 
stepping process 72 alloWs the processor processing its 
thread the option of processing a different thread until the 
cycle delay is complete. Major node stepping process 72 
then reads the next major node 60, repeating until node 60 
is associated With some minor node 62. 

Major node stepping process 72 reads minor node 62 
(procedure 72b). If modify 60f equals one (procedure 720), 
major node stepping process 72 folloWs major ring reload 
process 98g, shoWn in FIG. 9, as Will be explained. Ulti 
mately, if modify 60f equals one, major node stepping 
process 72 reads a neW ring control block 70 (procedure 
72d) and proceeds to procedure 72]. If modify 60f equals 
Zero (procedure 720), hoWever, major node stepping process 
72 calculates the next minor node index 60e by adding one 
and Wrapping to minor base 59 if the neW minor node index 
60e is equal to the sum of minor base 59 and minor siZe 78 
(procedure 72e). Major node stepping process 72 then 
obtains from major node 60 information on virtual port 26 
and minor node 62; selects virtual connection 28 for trans 
mission using queue selection process 74 (procedure 72]’); 
and transmits one or more cells 36. From there, major node 
stepping process 72 repeats, reading another major node 60 
(procedure 72a), and so forth. When major node stepping 
process 72 reaches the last major node 60 in the sequence of 
major nodes 60 in major ring 20, major node stepping 
process 72 returns to the ?rst major node 60. This repetition 
or looping, Which causes major node stepping process 72 to 
iterate repeatedly over all major nodes 60 in major ring 20, 
is sometimes called “cycling”. 

Transmission in procedure 72f is subject to traf?c param 
eters of virtual connection 28, such as MBS 52c and rate 52d 
(shoWn in FIG. 4), as Well as to the state of virtual port 26, 
such as v-port speed 97d or a port blockage due to How 
control. For instance, to determine Whether the current state 
of virtual connection 28 is Within de?ned traf?c parameters, 
major node stepping process 72 can compare current burst 
count 52g and current rate 52h to MBS 52c and rate 52d, 
respectively. 

Referring noW to FIG. 8, queue selection process 74 
operates on minor node 62. If minor node 62 has a scheduled 
VC 80 value greater than Zero (procedure 74a), queue 
selection process 74 tests virtual connection 28 associated 
With scheduled VC 80 for data to transmit (procedure 74b) 
by examining VC connection queues 56. If such data exists, 
queue selection process 74 selects scheduled VC 80 for 
transmission (procedure 740). If scheduled VC 80 value is 
Zero, hoWever, or if no such data exists, queue selection 
process 74 performs a priority selection of port queue vector 
76 (procedure 74d)ithat is, queue selection process 74 
considers virtual connections 28 having an unspeci?ed bit 
rate (UBR). The priority selection uses a de?cit round-robin 
algorithm to ?nd the index of port queue 46 With the highest 
priority, among port queues 46 that have data to transmit 
(procedure 74e). If queue selection process 74 ?nds a 
suitable port queue 46, queue selection process 74 speci?es 
virtual connection 28 associated With port queue 46 for 
transmission (procedure 74]). Otherwise, queue selection 
process 74 does not select any virtual connection 28 for 
transmission (procedure 74g). 

Ring Leader 
Ring leader processor 1611 performs administrative and 

control tasks necessary to the operation of major rings 20 


























